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20. Abstract

dehydrations lead to the previously reported phases A and B, but the formation of these
materfals is accompanted by both oxidation and fluoride loss. Vacuum dehydration

of F‘ZS +7H,0 leads to a fully mixed-valence monohydrate phase, A', which was

prevl ily %repared by dehydration in an HF atmosphere. Dehydration of the

authentlc, crystalline, Fe,Fc-2H,0 Is seen to be distingulshable from the second

stage dehydration of Fe,F -7ﬁ 0.” Both the thermogravimetric analyses and the

kinetic parameters extrncﬁed $rom the several thermal techniques demonstrate

that these two forms of "Fest-ZHzo" differ significantly In thelr thermal reactions.
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i fntroduct!on

in 1958 Brauer and Elchner reported2 that the reactlion of (ron powder with
hot coﬁé.ntratcd hydrofluoric acld led to a yellow crystalline material of
composition F02F5-7H20. This material could be thermally dehydratea to a red

trihydrate and, at higher temperatures, to a blue-grey anhydrous material. Since
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color changes of this sort In a mixed-valence material are suggestive of interactions

among the metal lons, we Initiated studless""S of the electronic, magnetic, and

structural behavior of these sytems. '
i Although the preparation of the yellow heptahydrate was faclle using Brauer |
and Elchner's m.thodz, we were unable to reproduce the anhydrous material, and it |
was apparent that the red material was, at least nominally, a dlhydrate rather than

8 trihydrate. [n order to determine the phases which could actually be formed, we

have [nvestigated the therma! behavior of these materials in some detall, and find

that they are much more compllicated than orfginally reported. While this work was

6,7

In progress, two reports on the thermal decomposition of the heptahydrate have

ﬁ , appeared. Although certaln aspects of our work are in agreement wlth these reports,

there are significant differences as well, and one of the purposes of this report
is to clarify these differences. We have examined these materlals using thermo-
gravimetric analysis (TGA), differential thermogravimetric analysis (DTGA), differentlal

thermal analysis (DTA), and differential scanning calorimetry (DSC). These measurements,

s et oM sl e i i bt it it .

combined with the physical characterization of products derived from the thermal
reactions of FozF5'7H20. have allowed us to both ldentify these products and determline

aspects of the thermodynamics and kinetics of thelr formation.




e

Results and Discussion

The Initial dehydration of F02F5-7Hzo. Figure 1 shows a typical tracing of the TGA

curvi observed for Fe2F5-7HzO under conditions of Inert gas flow (N2 or He) and
slow hoatlhé rates (2°C/min). It may be seen that under these conditions two major
thermal processes exist. The first of these (ca 80-130°C) corresponds to the loss
of approximately five waters of hydratlon, and suggests formatlon of the dihydrate
Fest'zﬂzo. Although Brauer and Efchner reported2 that the dehydration proceeded

to a trthydrate level, it Is clear both from this TGA work and other published

roportss'7'a

that a dihydrate formulation is more appropriate.

Close examination of Figure | demonstrates that this process Is clearly not
a simple dehydration. (n particular, there is a distinct shoulder present at ca
110°C. The position and structure of this shoulder are sensitive to severa! exper-
Imental varlables, including the physical properties of the sample and the heating
rate employed. Slow heating rates (< 5°C/min) are necessary to attain resolution
of this shoulder, and the process Is also better-resolved when using samples with
lower average crystallite diameter. There is no evidence of this shoulder In the
thermograms reported7 by Gallagher and Ottaway, but this is probably a result of

the conditions used (10°C/min heating rate and low sensitivity.) Charpin and Hacheteau6

employed conditions simllar to our own, and the shoulder is clearly present In their

published thermogram, although no comment is made concerning its presence. Although

the magnitude of this shoulder Is varlable, it typically represents an approximately
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2-3% effect, or roughly one-third to one-half of a mole of water.
The complexity of thls first dehydration process is shown more clearly by |

derivative TGA. Flgure 2 represents a DTGA scan of FezF5'7H20 at a heating rate

of 10%/min. of course, at these higher heating rates the entire weight loss

curve Is shifted to higher temperatures, but even at thesé high heating rates

the shoulder observed by TGA is well resolved, appearing as a distinct process




at ca. 135°c. Furthermore, the curve for the major (low‘temperature) process Is
quite asymmetric, suggesting complexity to that procéss as well, Flgure 3 shows
the DTGA for that low-temperature process at a heating rate of 2.5%C/min, and It is
clear that at least three distinct thermal reactlons are occurring between 60 and
100°C. Some complexity s expected, since the transformation from FeoF g 7H,0
(formulated3 as [Fe(Hzo)zz][Ferﬂzoz-]) to Fe,F . 2H,0 (which contains water bound

g to Fe*z oquhl requires loss of water from both Fe+2 and Fe+3. These two processes,
at least, would be expected to occur at dlfferent temperatures and hence lead to
some fine structure in the DTGA.

Although the loss In weight between 70 and 150°C is conveniently represented
as a transformation of the heptahydrate to the dihydrate, several lines of evidence

indicate that hydrogen fluoride evolhtlon s occurring as well as water loss. We

have observéd HF In the mass spectrum of the evolved gases, and have, at least
semi~quantitatively, measured the extent of HF evolution by trabplng the TGA

effluent gas In a polypropylene trap at -196°C. Acld was determined by tlitratlion
with NaOH, and fluoride was determined using an fon-specific electrode. The most
compelling evidence In favor of a F-deficient iron fluoride product Is, of course,
accurate elemental analysis of the product. Although the product obtained by
-hc.t|n94FczF5-7HzO to the expected dihydrate level (representing a loss of 27.1%

of the original sample weight) produces a material having an x-ray powder diffraction

pattern Identical to that of the authentic dihydrate (l.e., the crystalline dihydrate

produccd'dlrcctlyh from the high temperature reaction of Fe and HF) the elemental
analysis quite clearly demonstrates a substantial deficlency .in fluorlnel(F/Fc -
2.33 £ 0.05). There Is evidence from other published reports for this fluoride

deficlency. Thus, Sakal and Tominaga rcporta analytical data supporting a ratio

PfFe = 2,41 Although the ratio reported® by Charpin andlﬂaché;:uu ts not F-deflclent




(2.53), the estimated errors are rather large. Gallagher and Ottaway'report7

no analytical data on the dihydrate. However, thelir analytical method for
fluoride in the heptahydrate required an initfal dehydration. They reported that
unless the dehydration were performed In an HF atmosphere the method gave In-
consistent results, an observation compatible with fluoride loss upon normal
dehydratton. 4

It Is tempting to equate the shoulder at 110°¢ In the TGA (Figure 1) with
the HF evolutlon step, since the magnltudes of the_effects are comparable. However,

we have as yet been unable to distingulsh the exact point where fluoride is evolved.

Vacuum Dehydration of FezF5~7H20. A thermogravimetric scan of Fe2F5°7Hzo obtained

under a partial vacuum (ca. 0.1 torr) shows (Figure 4) the onset of dehydration at
ca. 60°C. rather than at 80°C. In addition there appears to be rapid loss of welight
corresponding to the loss of approximately six moles of water between 60°C and
IIO°C; but above this tehperature interval a smooth and apparent\y continuous de-
Composttlon of the samble appears to occur. No evidence of a shoulder Is observed
at any point In the thermogravimetric scan, suggesting that the mechanism of solid-
state decomposition may be different for samples treated under reduced pressure in
the absence of an i(nert-gas flow. This Is consistent with the view that dehydration
In vacuo Is an equilibrium process, whereas thermal dehydration at atmospheric
pressure Is an irreversible process Involving an activation step.

In an attempt to discover a route to the pure dehydration of FezF5'7HzO. a
sample was placed In an Abderhalden apparatus under vacuum |n.rafluxlng ethanol
(B.P. = 78°%) for several hours. lA product was formed at the approximate monohydrate

2 and total tron

level, with a purple-grey color. Chemical analysis for both Fet
has shown that this materfal Is fully mixed-valence. Continued thermolysls for

several days results In a product having a slight flourine deficlency. Our analyses
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support the fluorine-deficlent formulation as approximately Fe,F, B(OH)O 2°H,0.

interestingly, X-ray powder diffraction studles show that this ""monohydrate' Is very
simllar to a purple-grey phase produced7 from an [sothermal decomposition of
FeoFg+7Hy0 at 90°C In flowing HF. Although the authors of this study have de-
scribed the phase (A') as an "anhydrous' product, they have no analytical support
for this. 1t ls suggested, on the basis of our studles, that they have produced an
authentic, mixed-valence monohydrate, Fest-HzO. In view of the reported dark color
of this Ifron fluoride hydrate, complete characterization of its chemical and physical
properties would be interesting. We are presently pursuing further physical studies
on this substance and hope to report the results of thls i(nvestigation at a later
date.

The Second-Stage Dehydration of F32F5-7H20. Starting at about 180°c, a second

major thermal process occurs in the dehydraflon of Fe2F5'7H20 (Fig. 1). A relative
plateau Is attalined at'about 220°C after this process is completed, although a

slow but continuous welght loss Is observed at higher temperatures. A visual
examination of the product shows that it has a distinct yellow or light gold color
which darkens as the thermolysis Is continued until a brown product Is produced at
elevated temperatures (> 300°C). As can be seen In Fig. 1, the weight loss durlng
this thermal process (180-220°C) corresponds to the formation of a (nominal)
hemihydrate. Repeated measurements of this welght loss lead reproducibly to the

7

formal loss of 6.5 £ 0.1 moles of water. This may be contrasted to the report’ by

Gallagher and Ottaway that the material at the same point Is the fully anhydrous
Fost and to the roportcd6 formation of a monochydrate by Charpin and Machetetus.

0f course, this overall process requires care in interpretation; since It Is not a
pure dehydration. As mentioned above, the flrst stage of the thermolysis (nvolves

HF evolution, and the second stage (vide Infra) Involves both fluoride loss and Iron
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oxldation.

Gallagher and Ottaway descrlbed7 the formation' of an "off-white' product at
200°C which quickly turned purple-grey as the temperature was Increased to 220 and
250°c. X-ray powder diffraction patterns of the products of thermal scans (N2 flow,
looclmln) allowed them to tdentify the products as mixtures of two distinct phases:

a relative low-temperature phase (B) which appeared to maximize at about 200°C,

and a hlgh;r temperature phase (A) which maximized at about 250°C. We have

attempted to produce the low-temperature phase (B) through the use of an Isothermal
dehydration. Reaction condlitlons of I70°C for 8 hours In a hellum flow were chosen,

in part because similar conditions were reported6 to lead to a monohydrate having the
powder pattern of phase B. Although phase B is certainly present In the material

we prepare, the material Is significantly fluoride deficlent. Experimental observations
of the bulk welght loss upon heating, elemental analyses, and careful examination

of the powder pattern favor formulation of the product as a mixture of phase B

and phase A' (the material prepared by vacuum dehydration at 78°C). Continued

heating appears to Involve a slow oxidation of phase A' to a yellow anhydrous

product contalning trivalent iron. Although dehydration periods of up to three

days have been employed In an attempt to prepare a pure sample of phase B, analyses
suggest that approximately 15% of the dehydration product remains In a mlxed-valence
formulation of low water content. Based on these data, we believe that phase B Is

a fully-oxidized, fluoride-deficient, anhydrous materlal. Although we have not

been able to prepare the compound in a pure form, our evidence supports the approximate
formulation of phase B as FezFAO.

7

In agreement with Gallagher and Ottaway’, we find that thermolysis at higher

temperatures leads to the transformation of phase B to phase A. For example,

sl i
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isothermal studies proceed as follows:

~7H,0 - -
FeyFg:7H,0 —2 Fe,Fs (hypothetical weight loss = 37.9%)

He, 220° A + B (Gold, welght loss = 37.9%)
—_——
75 minutes

(o}
He, 220°% A (Gold, welight loss = 39.6%)

14 hours
Analytical evlidence supports the view that the products formed under these conditlions
are fluorine-deficient materials which undergo slow but contlinuous decomposition,
even beyond the fully ""anhydrous' level (i.e., based on Fest). We are forced to
conclude that the '"blue platelets' formulated2 as FezF5 by Brauer and Eichner are
not accessible by thermal dehydration of Fe2F5-7H20. It Is Interesting to note that
long isothermal perlods at 220°C are accompanied by the appearance In the x-ray
powder diffraction patterns of an intense reflection at d=3.33 which is totally
unique In the Iron fluoride systems. The origin of this llne Is unknown at
present.

In summary, our flndings concur with the more general belief that the materials
fezF5~7H20 and FezFS'ZHZO exist as well-defined compounds, although the latter must
be produced elther by the direct preparation descrlbedz by Brauer from HF and Fe
or by a modification thereof which we have previously descrlbedh. The thermal
dehydration of F02F5°7H20 is a complex process which occurs in two major stages.

Both stages are accompanied by solid-state reactions which result In the liberation of
HF when thermolysis [s effected under Inert atmospheres. It Is possible to ldentify
at least three lower hydrates according to X-ray diffraction Information: phases

A, A', and B, although phase A may not be isolable In pure form Since [t appears




to exlst In a state of continuous decomposition under the conditions required for
Its synthesls. Phases A' and B have been analytically characterized for the first

time.

Dehydration of the Crystalliine Dihydrate, FezFS-ZHZO.

As reported prevlouslyh, we have prepared and structurally characterized the authentic

dthydrate, FezF5'2H20. Unlike the:species prepared by thermal dehydration of the
heptahydrate, this materlal suffers from no fluoride deficlency. Although these

two materfals glve Identtcal X-ray powder patterns, thelr analytical formulations

and thermal behavior are distinct. Figure 5 shows a TGA (NZ' 5%/min) of the crystalline
dlhydrate, and it is seen to differ from the second-stage dehydration of the hepta-
hydrate In two ways. Flirst, the dehydration proceeds to, and perhaps somewhat

beyond, the fully anhydrous level. Unlike the second-stage dehydration of the
heptahydrate, there is no indlcatlon of a stable "hemihydrate' stage. Second, the
dehydration of the erystﬁlllne dihydrate occurs at signiflicantly higher temperatures.
The inflectlion point of the welght losg curve In Figure 5 Is ca. 245°c, whereas

the comparable polnt in Figure 1 Is ca. 195°C. This difference is due In part to the
higher crystalliinity of the authentic dihydrate, and, in fact, a thorough grinding of
the compound lowers the inflection point by approximately 20°C. Even under these
conditions, however, the dehydration occurs at a significantly higher temperature

than for the analogous process In the thermolysis of the heptahydrate. The difference
In behavior between these two forms of the dihydrate is further manifested by the
thermodynamic and kinetic parameters of the dehydration, and Qlll be discussed in

more detail below. Not surpirsingly, X-ray powder patterns demonstrate that the
ultimate products of the thermal decomposition of both of these .forms of the dihydrate

are the same. (0Of course, X-ray powder measurements might not detect small amounts




of another species, or larger amounts of such a species if formed in an amorphous
state.)

Thermodynamics of Dehydratlion. Both stages of the dehydration of Fe2F5'7H20 are
endothermic processes, as determined by both differential thermal analysis and
differential scanning calorimetry. The enthalpy of the low temperature (<150°C)
process Is measured by DSC to be 66 + 2 kcal/mole. This number compares favorably

with expectations, given typical valueslo

of 12-13 kcal/mole for the enthalpy of
dissoclation of water In crystalline hydrates. For a pure dehydration of Fe2F5'7H20
to Fe2F5°2H20, then, an enthalpy of ca 62.5 kcal/mole Is expected, in rather good
agreement with the experimental result. As noted above, this process s not a pure
dehydration, but both the small amount of HF ilberated, as well as the expected
similarity In enthalples of bonding to the metal center for both HZO and HF, suggests
that the observed value should not differ significantly fromexpectations based
purely on uzo loss.

OSC data substantiate the difference between the two different forms of the
"dihydrate''. As noted previously, the second-stage dehydration of Fe2F5'7H20 via
TGA proceeds to a nominal hemi-hydrate level. Assuming, again, that this process
represents a pure dehydration, it corresponds to the loss of 1.5 moles of water,
aﬁd the expectation of an enthalpy for the process of ca 19 kcal/mole. The '
experimental value, AH = 16 kcal/mole, Is In reasonable agreement. More Important
than the absolute value Is the comparison to the authentic, crystalline, dihydrate.
This latter material was shown to proceed to the anhydrous level, correspdndlng to
the loss of 2.0 moles of water. The expected enthalpy for the dehydration of the
crystalline dihydrate is then ca 25 kcal/mole, close to the experimental value,

determined by DSC, of 27 kcal/mole. DSC, llke TGA, thus clearly distingulshes




these two materlials which have been referred to as the dihydrate, rozrs-zuzo.

Kinetics of Dehydratfon. Although the kinetic parameters of gaseous or solution

reactions are typically examined at a serles of constant temperatures, much the
same [nformation is avatlable in a single thermogravimetric or thermoanalytical
scan, Thus, ln principle, a single TGA or DSC experiment provides both activation
energy and order of reaction, and certain advantages accrue when all of this information
can be attalned using a single sample in a single experlment". Iin thls work we
have used four distinct methods to evaluate actlvation energles, three based on
thermogravimetry and one based on differentlal scanning calorimetry.

Various methods for determining kinetic parameters from non-isothermal TGA
measurements have been proposed. The basic assumption, that the rate of a solld
3 state reactlon (equation 1) Is proportional to some power function of the fractlon of

SOLID(A) + sSOLID(B) + GAS (1)

materlal remalning (equations 2 and 3), Is sound, but the means of dealing with the

5‘% “Ela® | (2)

resulting differential equation differ widely. Some approaches require Information

only from the TGA curve (so-called Integral methods) while others require tn addition

the derivative of the TGA curve (dIfferential methods). It Is also possible to

determine kinetic parameters Independently using differential scanning calorimetry.

12 hzve pointed out that there are four reasonable reaction 5

Coats and Redfern

orders for a solld stage process such as described by equation 1. For a zero order
process they have derived equation 4. A plot of the left hand side of the equation f
il o B ]i- M. L |

log ['WL;I)'] log 3F ," s] 2.3RT (4) |

versus the reciprocal of the absolute temperature should give a 1ine whose slope f
Is related to the activation energy. From the Iintercept, the pre-exponential factor

can be determined as well. The Coats and Redfern method requires data only from
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the TGA curve. For reactlion orders n of 1/2,2/3 and 1, equation 5 ls‘used in the
1-n
1-(1-a AR 2RT E
L O R o
T°(1-n) . e € !

same way.

A somewhat more general treatment has been given by Freeman and Carroll"

(equation 6). Using both the TGA and DTGA curves, It Is possible using equation 6

AL “l) . .-k AQ/T) (6)
Allog(1-a)] 2.3RT Allog(1-a)]

to determine the activation energy as well as an apparent reaction order. This method

has beén criticized for being sensitive to experimental conditions. A comparison
between the Coats and Redfern and Freeman and Carroll methods is useful In a reaction
with reasonable reaction order and activation energy.

A somewhat less general treatment, but one which is useful in its simplicity,

13

has been suggested by Tang. ~ This method assumes a first order process (equation 7).

log [%“f{{,‘-] - logA - ;w (7)

In the complex process of cellulose and lignin oxldatlon, Tang's method was used to

~ find Inflection points in the activation energy plots which were attributed to
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different mechanlsms for this solld state reaction. The valldity of the Tang
treatment, which Is of the differentlal category, can be checked against the integral
Coats and Redfern first order method.

Quite Independently, DSC provides a second approach to kinetic parameters for
14

solld state reactions. One approach has been described by Rogers and Smith. Thelr
approach allows for elther calculating the actlivation energy and reaction order,
or specifylng a reactlion order. It Is also possible using thelr method to calculate

activation energies as a function of temperature in order to observe inhibition or

acceleration effects. While there is no overwhelming support for any one of the

above mentloned treatments, a comparison of one or more methods Is very useful in
making meaningful Interpretations of solid state reactions.
The activation energles derived using these ncn-isothermal kinetlic methods

are presented In Table 1 for three distinct processes. The Interpretation of these

data requires some care. ' the absence of an established mechanism for a solld-

state reaction, it Is Important to obtain an approximate reaction order, since without

such Information the Interpretation and value of calculated kinetic parameters is
limited, particularly If the derived reaction order differs significantly from

unlty.‘h In the case of the flrst stage dehydration, e.g., Fe2F5-7H20 ____;;"Fczrs.ZHzo", 3
reaction orders calculated using the Freeman-Carroll tcchnlque‘] are highly variable,
falling In a range from ca 0.3 to 5.0 for different samples and experiments. By

contrast, reaction orders for both the second stage dehydration and the dehydration 3
of the crystalline dihydrate, which appear to be relatively clean processes, tend §
to lle in a fairly limited range near 1. The complexity of the first dehydration

of the heptahydrate is also reflected In the rather large uncertainties associated i

with the activation energles. The values In Table | represent averages of at least

six experiments, and for this process values of specific experiments are highly
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dependent on experimental conditions (e.g., heating rate, crystall{te size.) Figure
6 shows kinetlc data for thls process evaluated by the Coates and Redfern method
for an experiment involving low heating rates. In this case, the data have been

treated assuming a first-order reaction. The presence of two straight-1ine segments

Lo goas o0 o i e v 0 ot PN st A AR SR

demonstrates resolution of the two major process, and may be compared to the TGA
data reported above. Activation energies calculated for the two steps are 21.6 and
79,k kcal/mole, and tndicate clearly that values calculated In the absence of this

, resolution will have little meaning.

Kinetic parameters evaluated from both the second stage dehydration of the
heptahydrate and the dehydration of the crystalline dihydrate show a much better
Preclsion, suggesting that their dehydrations are relatively simple processes.
Furthermore, activation energies calculated by different methods from thermo-
gravimetric data are In reasonable agreement with activation energies calculated
from DSC data, so that we feel confident of these values. There Is, however, a

large difference between activation energies for the chemlcal processes, belng

ca 50 kcal/mole for the second stage dehydration of the heptahydrate, and ca

L4 s Cas b Lo

32 kcal/mole for the dehydration of the crystalline dihydrate. This difference
further substantliates the observation, from TGA and enthalpic measurements, that
these two processes, although nominally equivalent, are in fact quite distinct.

Iin summary, this work has shown that the thermal reactions of the mixed-valence
iron fluorides are much more complex than previously reported. In partl;ular. the
Iinitial dehydration of FezF5-7H20 has been shown to be a multistep reaction, and to
involve some loss of hydrogen fluoride as well as loss of water. The material
prepared In this dehydration, nominally FezFS-ZHzo, {s seen to.dlffer significantly
from the authentic dlhydrate prepared by an alternative route. .Severa! other phases
of lower water content are formed St higher temperatures, their speciflic distribution

depending upon the detalled experimental conditlons.
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Experimental Section
Materlals. F¢2F5'7H20 : and Past-ZHZO 3 were prepared as described previously.

Total Iron was determined by permanganate titration following stannous chloride
reduction or spectrophotometrically with o-phenanthroline followlng hydroxylamine
reduction. lron (11) was determined spectrophotometrically with o-phenanthrol tne
and fron (111) was determined by difference. Fluoride wis determined using an Orion
94-01 fluoride-specific lon electrode. ‘ |

Thermal Analysis Equipment. The differential scanning calorimetry (DSC), thermo-
gravimetric (TGA) and differential thermograQ!metrlc (DTGA) curves were obtalned
from a Perkin-Elmer DSC-1b differential scanning calorimeter and TGS-1 thermal
balance. Heating rates of 2-10°/minute were employed, using 3-6 mg of powdered
sample In an Alzo3 crucible In a helium atmosphere. TGA curves were also obtained
using a DuPont 900 Thermaernalyzer coupled to a DuPont 950 Thermogravimetric
Analyzer. In this case larger samples (ca 20-30 mg) on platinum pans were used,

in elther helium or nitrogen atmospheres and at heating rates of 2-10%/minute.
TGS-1 Thermobalance - Teflon needle valves replaced the screw cap closures on the
gas Inlet and tareloop of the TGS-1 in order to provide Improved conditlons for a
pure He atmosphere within the balance bottle. A small platinum heater was used in
the modified furnace mount assembly after the suggestions of Etter and Smlth's.
Room temperature vulcanizing silicon elastomer was used to seal the furnace screw
cap closures.

Microcrucibles (Mettler) were used to replace the platinum sample pans provided
by Perkin-Elmer. These crucibles were made of hot pressed A1203 (approximately 150 mg.
in weight). This allowed for small size sample (3-6 ﬁg.). In order to obtain the
maximum thermal equllibrium, hellum was used as Inert gas. Altﬁéugh the rated range

of the Cahn RG balance Is 20 micrograms full scale (0.1 microgram sensitivity) In
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practical terms, the 0.4 mg. range (0.4 microgram seﬁsltlvlty) represents a maximum

sensitivity of this system. Either a Texas Instrument 2 Channel Recorder (Servo
Riter !i, | mtllivolt range) or a multiplexed 4 Channe! Heath Recorder was used
to record the output from the Cahn RG balance.

The derivative of the primary (unattenuated) TGA signal was fed into a Cahn

Mark [l Time Derivative Computer (classical RC differentiation) and the output of

this device was recorded on the second channel of the Tl Recorder or a second multiplex

channel on the Heath Recorder (1 or 10 mv respectively). The approximate ranges on
the Time Derivative computer were calibrated by determining welght loss due to
diffusion of water vapor from a Kneudsen cell at a controlled temperature. The
balance weight ranges were calibrated Class M (NBS) standard 10 mg. welghts.
Temperature caltbrations of the thermal balance were obtalned by means of the
Curle polnt magnetic transitions. Over the temperature range of 100°-500° the
observed and actual temperature, agreed to with £1{He atmosphere, 10°/min or less
heating rate).
Sample Loading Procedure - The sample crucible was first heated to a temperature
of approximately 800° in air, then allowed to cool to room temperature, and suspended
from the balance. The mass dial of RG balance was adjusted so that zero deflection
was noted on a recorder scale when the atmosphere of helium had been reestablished
In the balance chamber. The sample was then loaded on the balance, being protected
from the atmosphere by Increasing the flow of helium. When the sample was In place
and the hangdown tube was returned to its normal position, the helium flow was main-
tained at 20 ml. per minute for approximately 5 minutes, at which time the balance

chamber again contalned a pure hellum atmosphere. Then the sample welight could be

obtained directly from the recorder. Activation energles obtalaod by the methods
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described above are in agreement with publlished dats on the dehydration of

caczo,‘-zuzo and chzOA-ZHzo. even though smaller samples were used (n this study
(10 mg. vs. 100 mg.).

X-Ray Powder diffractton. X-ray powder diffraction patterns were obtalned with the

E Straumanis technique using vanadtum-filtered Cr radfation (xman = 2,2909 A°),
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Table | - Activation enthalpies for dehydration steps. "Fest-szO" represents the
product formed upon the low temperature dehydratlion of Pé2F5-7Hzo, and
s to be distinguished from the authentic crystalline dihydrate prepared

directly from the Fe and HF.

Calculation method AH*, kcal/mole SStandard deviation)

F‘2F5'7H2° o o “Fest'zﬂzou -+ F32F5'2H20 =

"Fest'ZHzou "Fest“ Fest

Freeman-Carroll 29 (1) 54 (4.5) 31 (2.9)
Tang 42 (11) 47 (2.9) 27.6 (1.4)

Dsc 27 (see text) 54 36
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Flgure 2.

Flgure 3.

Figure k.

Figure S.

Figure 6.

Figure Captions
Figure 1.

Thermogravimetric analysis of FezF5.7H20 In a helium atmosphere at
a scan rate of 2°C/minute.

Differentlal thermogravtmetrté analysis of FezF5°7H20 (inittal de-
hydration only) in a helium atmosphere at a fast scan rate (10°C/
minute.)

Differential thermogravimetric analysis of FezF5-7H20 (initial process
only) In a hellum atmosphere at a slow scan rate (2.5°C/minute.)

Thermogravimetric analysis of FezF5'7HzO In vacuum, scan rate 1°C/
mlnute.

Thermogravimetric analysis of the crystalline dihydrate, FezF *24,0,

In a nitrogen atmosphere, scan rate 5°C/minute.

5

Flrst order kinetics for the Initial dehydration of FezF5-7H20 using
the Coats and Redfern method.
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